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TO calculate the inviscid flow f i e l d  around a body we must know the  

displacement t h i c h e s s  of the boundary layer on the  body as well  as the  body 

shape i t s e l f .  

the  displacement thickness of the boundary layer should be defined i n  cases 

where f l u i d  is  injected a t  the w a l l .  Mannl derived the  correct f o r m l a  f o r  

t he  two-dimensional compressible boun6ary layer along a f l a t  p la te  with a 

L i t t l e  consideration seems t o  have been given, however, t o  how 

large amount of blowbg. Here w e  consider the displacement thickness f o r  the  C 
two-dimensional or axisymmetric compressible boundary layer with e i ther  large 

or small amounts of blowing for bodies of a rb i t ra ry  shape. It i s  assumed 

t h a t  no chemical reaction occurs i n  the boundary layer.  3 
The coordinates (x, y) ,  in which x i s  the  distance along tine w a l l  from 

i s  the  distance from the w a l l ,  have been the  forward stagnation point and 

used t o  define displacement thickness as 

y 

considering the effect  of retardation due t o  the viscosity.  Here u i s  the 

x-component of the  velocity,  p i s  the density, and the  subscript e denotes 

t h e  value at the outer edge of the boundary layer.  This def ini t ion i s  val id  
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onpy il no f l u i d  i s  irijectea a t  tine w a l l .  

rriust use ti;e density of the o ~ ~ c o x i r i ~  s t r em,  p,, in place of p. 

eration leaas t o  t i e  new defini t ion of t he  displacezent thickness 

When t'nere i s  mass injection, we 

T h i s  consia- 
1 

stagriation flows as well  as for the  general two-dimnsiorial llms . i4oreover, 

they are accurate for  the general axisyxnetric flows, provided the thickness 

of the  boundary layer, 6, i s  far less  than the  distance between the axis and 

the surface, r ( x ) .  In the  following, such cases a re  considered. 

To derive the  re la t ion  between 6* and D*, Eq. (2) i s  rewrit ten as 

The in tegra l  appearing in the  right-hand side of t h i s  equation represents t h e  

T I S S  flow of the injected f lu id .  

equal t o  

and t h e  subscript w denotes the  value at the  w a l l .  For axisyrmnetric flows 

For two-dimensional flows this in tegra l  is  

(1 - Cw)pwvw dx where v i s  the  y component of the  velocity, LX 
t h e  similar consideration gives 

where 0 is  the semivertex angle of the tangential  cone a t  the  point (x, 0 ) .  

Since the upper l i m i t  of integration appearing on the l e f t  s ide can be replaced 

by 6 and 6 << r, the  second term in the  second parentheses i s  f a r  l e s s  t h a  
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/ ‘ t h e - f i r s t  term. Tierefore tine above re la t ion  reduces t o  

Thus we obtain 

where m = 0 f o r  two-dimensional flows and m = 1 f o r  axisymaetric flows. 

For the  two-dimensional flow along a f l a t  plate,  Eq.  (3) i s  reduced t o  

Y i ’ s  formula’ when the amount of injection i s  sur’ficiently large tha t  the  

concentration of the oncomhg f l u i d  a t  the w a l l ,  Cw, can be neglected. 

As  an example, displacement thickness has been calculated f o r  the 

incompressible stagnation flow, wnere ue = Ek, K being a constant. In t h i s  

calculation f l u i d  properties were considered as constant, assuming tha t  t he  

temperature variation is  small, and tha t  the injected f l u i d  i s  t i e  same as 

the  oncoming f lu id .  Dimensionless displacement thicknesses, 61 = (K/v) S* 

and D 1 =  (K/v]~’~D*,  a re  plotted versus a dimensionless inject ion parameter 

1 /2 

vW 

(m + 1)( VK)’’~ 
A =  

i n  Figs. 1 and 2. flere v i s  the kinematic viscosi ty  of the  f lu id .  We 

obtain, using Eq. (3), 

D1 = 6 1  + A  

Pretsch2 obtained the asymptotic velocity prof i les  

u/ue = sin (KY/~,) 2 ( 0  5 Y 5 IN , /~K)  

f o r  two-dimensional f l o w s ,  and 

(4) 

u/u, = KYhW, ( 0  _< Y 5 v w m  

f o r  axisynxnetric flows, which have been proved t o  be accurate f o r  A >>‘1. 
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Therefore w e  get  

D 1 = L d  
2 

I 

f o r  two-dj-l;?ensional flows, and 

D 1  = 2A 

f o r  axisyinnetric flows. These rela",ons a re  a l s o  Tlo t te  i n  t h e  

( 5 )  

(6) 

igures. 

It should be noted t h a t  

flows, and 8*/D* = 1/2 

8*/D* = 1 - (2/fi) = 0.3634 

f o r  axisymmetric flows, provided t h e  blowing rate is  

f o r  two-dimensional 

large.  

thickness, 6*, i s  grossly in er ror  for t h e  cases where a large amount of 

in jec t ion  takes place a t  t'ne w a l l .  

mon for t he  ablat ion problem, where the  order of t ne  in jec t ion  parameter, A, 

i s  between 10 and 100. 

It rray therefore be concluded t'nat t'ne conventional displacement - 

Such a large arnomt of h j e c t i o n  is  com-' 
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Fig. 1.- Displacement thicknesses for  

blowing. 

Fig. 2 .- Displacement thiclmesses f o r  
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two-dimensional stagnation flows with 

axisyrmnetric stagnation flows with 
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